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SUMMARY 


pressure A 


are presented for 10 full-scale 


Typical thrust and torque coefficients and incre- 
ments, due to the propeller, in the ratio of the 
dynamic pressure at the tail to the free-stream dynamic 

Si) 

\ °/ prop 

airplanes. These quantities were calculated from flight 
measurements of engine speed and airspeed with the aid 
of propeller charts to provide thrust data to serve as 
a basis for the simulation of gliding-flight conditions 
of full-scale airplanes on powered wind-tunnel models. 
The thrust coefficient T c ranged from values of 
about 0 to -0.1 with an average value of -0.035 at a 


lift coefficient of 0.5. Values of A 


( 8 ) 


esti- 


prop 


mated from the propeller thrust coefficient ranged from 0 
to about -0.20 with the average at about -0.09 at low 
lift coefficients. The thrust and torque coefficients 
consistently became slightly more negative as the speed 
decreased. Calculations Indicate that an error of about 
2 percent mean aerodynamic chord appears possible in 
determining the neutral point from wind-tunnel tests of 
a model In the gliding condition if the propeller is 
operated at zero thrust rather than at the values of 
thrust coefficient indicated by the flight tests. 


INTRODUCTION 


An idling propeller generally has an important 
effect on the longitudinal stability of an airplane 
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because of the moments contributed by the thrust and 
the vertical forces acting on the propeller and Decani 
of the effects on downv/nsh and dynamic pressure at the 
tail. For conventional airplane arrangements, the net 
effect is usually destabilizing. In order to predict 
correctly the stability of an airplane in the gliding 
condition from wind-tunnel tests, the thrust coeffi- 
cients at each lift coefficient should be equal to the 
actual thrust coefficient on the full-scale airplane. 

In testing powered models in wind tunnels, the 
present general procedure in simulating the gliding 
condition (engine idling) is to operate at a thrust 
coefficient equal to 0 or to let the propellers wind- 
mill. In the past, data on the values of thrust and 
torque coefficients of full-scale airplanes in the 
gliding condition, have not been available. The purpose 
of this report is to present typical thrust and torque 
coefficients for full-scale airplanes in order that an 
attempt to reproduce them on powered models can be made. 


SYMBOLS 


C T 

-U 


Cp 

T„ 


r\ 

:< -C 


J 


<*t 


lift coefficient (l/q c s) 
thrust coefficient (j'/ prYD"*) 
power coefficient (p/pn^D^) 


thrust coefficient 


torque coefficient 


pV^D^ 


■~x. 


or 


or 


'T 


0! 


pV^B 0 An J*y 
advance-diameter ratio (V/nD) 

) increment in ratio of dynamic pressure at 
'prop tail to free- stream dynamic pressure due 

to propeller \—^-j 


L 


lift 

free-stream dynamic pressure 


(H 



s 

T 

P 


r\ 

P 

n 

B 

R 

V 


dynamic pressure at tail 
wing area 
effective thrust 
engine power 
torque 

mass density of air 
propeller speed 
propeller diameter 
propeller radius 
true airspeed 


TEST AND RESULTS 


Flight tests were made of 10 full-scale airplanes 
with constant- speed propellers. The airplanes were 
flown with flaps up, landing gear up, and engines 
idling; the airspeed, the engine speed, and the altitude 
were recorded from the speed at which the propeller 
was governed to the stalling speed. The pertinent 
details of the engine-propeller combination for each 
airplane are given in table I. 

The airspeed was measured with an airspeed indicator 
in the cockpit connected to the service airspeed instal- 
lation, except for airplane 5 and airplane 7, in which 
the airspeed indicator was connected to the NACA airspeed 
installation. Calibrations for the airspeed indicators 
were available for only five airplanes but in these cases 
the errors introduced by using the uncorrected indicator 
reading were found to be small. The altitude was measured 
by an indicating altimeter and the engine speed by an 
indicating tachometer. Only readings taken with the air- 
plane in steady conditions were used in order to avoid 
errors in the engine speed. The blade angles of the 
propellers in the low-pitch position were measured to an 
accuracy of ±0.2° by means of a propeller protractor. 
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Although the propellers were of the constant- speed, type, 
the blades were against the low-pitch stop In the speed 
range tested and the propellers therefore behaved like 
propellers with fixed pitch. 

From the measured values of advance-diameter ratio 
and blade angle, the thrust coefficient Cg and the 
power coefficient Cp were obtained from propeller 
charts. The charts used included only positive values 
of thrust and power and small extrapolations were neces- 
sary to obtain the negative values that were usually 
encountered in the gliding condition. For the Hamilton 
Standard propeller-blade design 6101A-12 used on air- 
plane 1 and airplane 2, the thrust coefficient Cg and 
the power coefficient Cp were obtained from the pro- 
peller charts for blade design 6101 in reference 1. The 
coefficients Cg and Cp for the Hamilton Standard 
propeller-blade design C443A-21, which has a Clark Y 
section at the root and an 'MAC A 16-series airfoil section 
at the tip, were obtained from unpublished charts for a 
propeller with this type of blade prepared at the Langley 
propeller-research tunnel. All other propellers had 
Clark Y sections throughout and the coefficients were 
obtained from unpublished charts for a propeller with 
this type of blade. In reference 1 the propeller was 
tested with a radial engine nacelle; all other propellers 
w ere tested w i t h a s m all s t r e am line n acclle . 


No correction 
in obtaining the c 


body in 


terf erence were applied 


Tic lento for 


the full-scale airplane 
for the differences 


corrections were applied, however, 
in the activity factor by multiply 
torque coefficients obtained from 
of the activity factor of the propeller tested to that 
used in the chart. The coefficients Cm and Cp were 


ing the thrust and 
the charts by the ratio 


transformed 

coefficient 


to the thrust coefficient 


and the torque 


Q, c , respectively, and the increment in the 


ratio of the dynamic pressure at the tail to the free- 


stream dynamic due to the propeller 
determined by the equation: 



was 


prop 


YT) 

v-T/ prop 
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In order to get the total q t /q 0 the effect of the 
fuselage and wing wake , which was not measured, must 
he included. The variation of the quantities T c , Q, c , 

/q- N 


/ 1 1 \ 


and A 

\M „ , 

-prop 

in figures 1 to 10. 


with C-^ is given for each airplane 


DISCUSSION 


The thrust coefficient T c was generally negative 
at low lift coefficients and became more negative at 
higher lift coefficients. For the airplanes tested, 
the range of thrust coefficients was approximately 0 
to -0.1; the average value at a lift coefficient of 0.5 
was about -0.035. The variation of the torque coef- 
ficient Q c was similar to the variation of the thrust 
coefficient T c , in that both became more negative at 
higher lift coefficients. 


The increment of the ratio of the dynamic pressure 
at the tail to the free- stream dynamic pressure due to 


the idling propeller 


A 


fh x ) 

N q °/ prop 


ranged from 0.01 


to -0.22; the average value for all airplanes at a low 
lift coefficient was about -0.09. These increments for 
airplanes 2, 4, and 7 were greater than -0.12 throughout 
the range of lift coefficient. These unusually large 
increments may be shown to result In an appreciable 
reduction in longitudinal stability. The effect on the 
longitudinal stability of the variation of dynamic pres- 
sure at the tail with lift coefficient is usually small for 
the gliding condition with flaps retracted and may be 
neglected for preliminary estimates. 


Calculations were made to determine the difference 
in stability that would be expected to result if a wind- 
tunnel model were tested in the gliding condition with 
the measured values of thrust coefficient instead of 
with zero thrust coefficient. The thrust coefficients 
measured on airplane 6 (fig. 6) were taken as typical 
of the results obtained. The change in neutral point 
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between the conditions of zero thrust and the measured 
thrust coefficient was estimated from the effects of the 
changes in thrust force, propeller vertical force, ana 
downwash and dynamic pressure at the tail. 

The thrust forces affect the neutral point if the 
thrust coefficient varies with lift coefficient. The 
effect is proportional to the distance between the center 
of gravity and the thrust axis. For airplane 6, the ^ 
effect of the variation of thrust coefficient with lift 
coefficient was negligible because the center of gravity 
of the airplane was very close to the thrust axis; on 
an airplane of which the center of gravity was 0.1 chord 
length below the thrust axis, this effect would cause a 
forward shift in neutral point of about 1 percent mean 
aerodynamic chord (li.A.C.). 

The propeller vertical force and downwash in the slip- 
stream were estimated from the curves given in reference 2. 
A rearward shift in the neutral point of 0.1 percent M.A.G. 
due to the vertical force on the propeller was found to 
be caused by a change in thrust coefficient from 0 to the 
measured value of -0.042. With the same change in thrust 
coefficient, the shift in neutral point due to the down- 
wash behind the propeller and the dynamic pressure at the 
tail was about 1 percent M.A.G. forward. An error of 
about 2 percent M.A.C. in the determination of the neutral 
point in the gliding condition therefore appears possible 
if the propeller-operating conditions are not simulated 
correctly. 


CONCLUSIONS 


Results of flight tests made to determine the thrust 
coefficients of 10 airplanes in the gliding condition 
with engines idling indicated the following conclusions? 

1. The average thrust coefficient measured was -0.035 
at a lift coefficient of 0.5. 

2. The thrust and torque coefficients became slightly 
more negative as the speed decreased. 

3. At a lift coefficient of 0.5, the average increment 
of the ratio of dynamic pressure at the tail to free-stream 
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dynamic pressure due to the idling propeller was abou 
-0.09, which resulted in a loss in longitudinal stabil 

4. Calculations indicated that operating at zero 
thrust instead of correctly simulating the propeller- 
operating condition in wind-tunnel tests to determine 
longitudinal stability in the gliding condition may 
cause a possible error in the calculated neutral point 
of about 2 percent mean aerodynamic chord. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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